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ABSTRACT 



A bone screw (1) has a screw head (2), a screw tip (11), 
and a shaft (5) with a thread (8,14). The threaded seg- 
ment (6,7) of the shaft (5) has a head -end, essentially 
cylindrical first shaft section (6) with minor diameter di 
(16), and a tip-end second shaft segment (7) that is con- 
nected with the first shaft segment (6) and which has a 
smaller minor diameter d2(17). The thread (8,14) in the 
two shaft segments (6,7) has the same pitch (10,12). 

21 Claims, 2 Drawing Sheets 
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In accordance with the invention these goals are met 

BONE SCREW by means of a bone screw having a head end, a tip end 

and a shaft extending between said ends, said shaft hav- 

F1ELD OF THE INVENTION ing a first threaded segment toward the head end, with 

. . , , e j* 5 a minor diameter di and a second threaded segment 

The invention relates to a bone screw for orthopedic ^ tjp en(J ^ a m j nor diameter ^ d ^ 

usc * less than di, the thread in said segments having the same 

BACKGROUND OF THE INVENTION pitch. Preferably a third transition segment is provided 

. . ^ . . , . ,„ , between the first and second segments. 

Bone screws of the type here involved can be used )Q ^ distancc ^p^ng the bone frag- 

for anchoring external setting components on the bone, m prcdctcnnined for sc rcw insertion, is maintained 
e.g. when an external fixation device is used in osteosyn- whfin ^ ^ scfcw fa screwe(J in A cavity 
thesis. In this indication, bone screws are used within a ^ betwecn ^ bone icccs u thercby 
framework of one or more longitudinal members. bridged. The transitional sequent in this embodiment is 

Bone screw according to the invention may be.used ]$ ferabl shorter tnan or cquaJ l0 one pitch of the 
in the form of Schanz: screw, which serves to anchor wWch appropriatcly is designed to be self-cut- 

external setting components in the bone. The Schanz ^ ^ that the operator ^ inscrt the ^ne screw 
screws are inserted through small incisions m the skin directly aftcr tne positioning of the necessary hole, 
and the soft tissue into the bone. The. thread of the Advantageously, the transitional area between the 
Schanz screw prevents axial slippage of the screw m the 20 tWQ sequences is continuously tapered, e.g. in 

bone hole. The actual setting component, the external thg form of a CQne 

fixation device, is mounted on the normally smooth In prcferred embodiment the shaft has an additional, 
shaft of the Schanz screw. The principal area of this sraoot h, fourth shaft section, connected at its head end 
second indication is that of open fractures. These frac- to thc fust t h rca ded segment, 
tures cannot be handled by internal osteosynthesis, since 2 < 

the implantation would cause additional damage to thc BRIEF DESCRIPTION OF THE DRAWINGS 
soft parts A disadvantage of this known method, how- mven tion will be further described with refer- 

ever, is the permanent linking of the bone with the cncc t0 tnc accomp anying drawings, in which: 
"outside world" through the transcutaneous^ applied FIG j is a view in side elevation of a preferred em- 
Schanz screws. The longer these Schanz screws are left 30 bodiment of the bone screw according to the invention; 
in the body, the greater the danger of a "pintrak infec- md 

tion." Such an infection is aggravated by the Schanz F iq 2 i s schematic view of bone screw of FIG. 1 
screws, which are not under tension, because these implanted in a tubular bone, 
screws promote bone resorption by micro movements. 

In an extreme case, such loosening can lead to a seques- 35 DETAILED DESCRIPTION OF THE 

tration. Clinical research has shown that a pintrak infec- INVENTION 

rion would occur very rarely if the screw were well ^ preferred embodiment of a bone screw according 

anchored in the bone. to the invention is shown in FIGS. 1 and 2. The bone 

In EP-A2 0 369 266 a bone screw is disclosed which sc^w 1 illustrated in FIG. 1 consists essentially of 

between a smooth shaft part and a threaded part, has a 40 screw head 2, shaft 5, and screw tip 11. Shaft 5 has a 

shoulder with appropriate slope so that a radial pre-ten- head-end, smooth shaft segment 20 and a threaded seg- 

sion is created upon implantation in a tubular bone. In men t 6,7. Segment 6,7 consists of a head-end segment 6 

this known bone screw, the introduction of the screw having a minor diameter 16 d\ and a shorter tip-end 

shaft with its enlarged diameter into thc proximal corti- shaft segment 7 having a minor diameter 17 d2. The two 

calis of the tubular bone is disadvantageous. If the 45 threaded shaft segments 6 and 7 are connected through 

thread at the end does not have an adequate hold in the a transitional area 13 with a conically tapered diameter. 

counter-corticalis, the anchoring will not be sufficient i n this embodiment, the conical transitional area 13 

to draw the conical expanding screw shaft into the decreases continuously from minor diameter d to minor 

proximal corticalis. In such a case the threading is torn diameter d2. The major diameter 19 D2 of the threaded 

out, and it is no longer possible to screw the screw into 50 tip-end second shaft segment 7, and the diameter 21 (Dj) 

the bone by axial pressure. Another problem with this of smooth shaft segment 20, may be the same. 

known screw resides in maintaining the hole diameter The length of the first shaft section of the shaft is 

tolerance during drilling into the proximal corticalis. If dependent on the absolute dimensions of the bone 

the drill is not guided properly, an excessively large screw. The increase in the thread pitch of the thread of 

hole is created that cannot be radially pre-stressed suffi- 55 the second shaft section is advantageously between 1.5 

cicntly. and 2 mm, preferably between 1.7 and 1.8 mm. 

^„ rr ^ WT ^ T Referring to the dimensions of the embodiment of 

SUMMARY OF THE INVENTION F , GS x J* ^ , he , ength of the fim is typica|)y 

The present invention provides a bone screw de- between about 60 and about 80 mm., preferably be- 

signed to overcome these problems. The bone screw 60 tween about 65 and 75 mm. The length of the transi- 

according to the invention provides, an insertion in tional area is advantageously from about 3 to about 7 

which the bone screw can be permanently screwed into mm., and preferably from about 4 to about 6 mm. Since 

an under-dimensioned hole without damage to the thc fault expansion of the bone is around two to three 

bone, with a single drilling procedure, with precisely per cent, the dimensions of the transition area in this 

controlled radial compression of the receiving bone 65 embodiment should be selected in such manner that the 

tissue, and with maintenance of the radial pressure over ratio di-djAh is between 0.004 and 0.020, preferably 

the entire circumference even under additional func- between 0.008 and 0.012. An optimal compression of 

tional loads. tne bone material can thereby be achieved. 
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Appropriately, the second, tip-end shaft section has a 
major thread diameter of D2, which corresponds to the 
diameter D s of the fourth, head-end shaft section. 

In addition, the screw tip is designed preferably to be 
self-cutting, e.g. in the form of a trocar or one or more 5 
cutting grooves radially distributed over the circumfer- 
ence. Appropriately, the threading of the bone screw 
has dimensions such that the ratio between the minor 
diameter dj and the major diameter D2 of the second 
shaft section ranges between 0.89 and 0.95, preferably 10 
between 0.91 and 0.93. 

To prevent the tip-end section of the thread segment 
from acting on the rear corticalis and the transitional 
segment from acting on the forward corticalis, both at 
the same time, which would lead to loss of control 15 
when the bone screw is screwed in, it is advantageous to 
have the transitional area at a distance of 15-25 mm, and 
preferably 18-22 mm, from the screw tip; its length 
depends on the absolute dimensions of the bone screw, 
and typically is between 3 and 7 mm, preferably be- 
tween 4 and 6 mm. 

In a typical screw of the type shown in FIGS. 1 and 
2 the segment 6 is 70 mm. long and, the segment 7, 20 
mm. The segment 6 has a minor diameter di, of 4.65 
mm. and the segment 7 a minor diameter, d2 of 4.60 mm. 
The conical transitional segment is 5 mm. long and 
tapers conically from 4.65 mm. to 4.60 mm. The transi- 
tional segment is 20 mm. from the screw tip 11. The 
major diameter Di of the threaded segment 7 is 5.0 mm. 3( 
which is also the diameter D*of the smooth segment 20. 
The pitch of the thread of segment 7 is 1.75 mm. 

The advantages achieved through the embodiment of 
FIGS. 1 and 2 are essentially that, thanks to the slightly 
different size of the shaft section with threading, a de- 35 
sired radial pre-stress is created in the bone hole, which 
pre-stress is at least partially maintained in the bone 
screw according to the invention even in case of addi- 
tional functional loads, so that no relaxation with conse- 
quent resorption of the bone tissue occurs; in addition, 40 
only a single-step drill need be used in order for the 
two-stage core of the threaded section of the bone 
screw according to the invention to enter the bone hole 
permanently with a radial pre-stress but without injury 
to the bone. 45 

Since the radial pre-stress in the bone screw accord- 
ing to the invention is implemented in the form of an 
over-sized thread, the height thereof is precisely defined 
by the minor diameter of the thread. 

Screw tip 11 of bone screw 1 is designed to be self- 50 
cutting, and for that purpose has several radial cutting 
grooves 22 distributed over its circumference; it can 
also be designed as a trocar tip. The cutting media serve 
to expand the hole in the bone precisely to the minor 
diameter of bone screw 1, and additionally to cut the 55 
thread in the bone. For this reason, the diameter of the 
core hole in the bone can be slightly smaller without 
consequential unintended radial pre-stress when the 
bone screw 1 is implanted. If the exact core hole diame- 
ter were to be drilled for the core hole, there would be 60 
a danger of an excessive hole diameter being created by 
the surgeon through inaccurate drilling. The use of an 
over-dimensioned core hole diameter and the self-cut- 
ting screw tip 11 offer the additional advantage of 

achieving a "reamer effect" in which* the hole made in 65 

the proximal corticalis by the self-cutting screw tip 11 

corresponds exactly to the required starting diameter 

for the subsequent radial pre-stress. 
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As indicated in. FIG. 2, the positioning of the bone 
screw 1 according to the invention is done by a one-step 
drilling of the tubular bone 23,24 with a common drill 
having a diameter of 4.5 mm. which, experience has 
shown, creates a hole diameter of 4.55 mm. Bone screw 
1 with its tip-end shaft segment 7 is now inserted into 
this core hole with the customary tools. Since the minor 
diameter d2 of tip-end shaft segment 7 of thread segment 
6,7 is only 4.60 mm, practically no radial pre-stress is 
created in the rear corticalis 23. 

Only when the head-end shaft segment 6 of thread 
segment 6,7 with minor diameter di is screwed via the 
conical transitional section 13 into the forward corti- 
calis is there a radial pre-stress of 0.05 mm, and the end 
result is as illustrated in FIG. 2. 
What we claim is: 

1. A bone screw having a screw head at one end, a tip 
at the other end and a shaft between the head and tip, 
said shaft having a first threaded segment at the head 
end with a major diameter DI and a minor diameter di 
and a second threaded segment at the tip end with a 
major diameter D2 and a minor diameter di> 62 being 
less than dj, the thread in said segments having the same 
pitch, and the ratio (dj — daj/dj being between about 
0.004 and about 0.020. 

2. The bone screw claimed in claim 1, and comprising 
a transitional segment between the first and second 
segments. 

3. The bone screw claimed in claim 2, wherein the 
transitional segment tapers from minor diameter d] to 
minor diameter d2- 

4. The bone screw claimed in claim 2 wherein the 
transitional segment is positioned at a distance from 
about 15 to about 25 mm. from the screw tip. 

5. The bone screw claimed in claim 4 wherein the 
distance is between about 18 and about 22 mm. 

6. The bone screw claimed in claim 2 wherein the 
transition segment is between about 3 and about 7 mm. 
long. 

7. The bone screw claimed in claim 6 wherein the 
transitional segment is between about 4 and about 6 mm. 
long. 

8. The bone screw claimed in claim 1 wherein the 
thread is self-cutting. 

9. The bone screw claimed in claim 1, wherein the 
major diameter of the thread of the second shaft seg- 
ment is smaller than the minor diameter of the thread of 
the first shaft segment. 

10. The bone screw claimed in claim 1 and compris- 
ing a smooth shaft segment between the head end and 
the first threaded segment. 

11. The bone screw claimed in claim 1 wherein the 
ratio is between about 0.008 and about 0.012. 

12. The bone screw claimed in claim 1 wherein sec- 
ond shaft segment major thread diameter D2 corre- 
sponds to the diameter D, of the smooth shaft segment. 

13. The bone screw claimed in claim 1 wherein the 
screw tip is self-cutting. 

14. The bone screw claimed in claim 13 wherein the 
tip has the form of a trocar. 

15. The bone screw claimed in claim 13 wherein the 
tip has a radial cutting groove. 

16. The bone screw claimed in claim 1 wherein the 
ratio between minor diameter dz and the major diame- 
ter D2 of the second threaded shaft segment is between 
about 0.89 and about 0.95. 

17. The bone screw claimed in claim 16 wherein the 
ratio is between about 0.91 and about 0.93. 
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18. The bone screw claimed in claim 1 wherein the 
first shaft segment of the shaft is between about 60 and 
about 80 mm. long. 

19. The bone screw claimed in claim 18 wherein the 
first shaft segment is between about 65 and about 75 
mm. long. 

20. The bone screw claimed in claim 1 wherein the 



pitch of the thread of the second shaft segment is be- 
tween about 1.5 and about 2 mm. 

21. The bone screw claimed in claim 20 wherein the 
pitch is between about 1.7 and about 1.8 mm. 
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